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Abstract: Even-aged forest management using the clearcutting silvicultural system as it is currently applied threatens 
mountain caribou habitat in Brit ish Co lumbia . Since neither complete preservation nor max imum development o f t i m -
ber resources are socially acceptable alternatives, forest managers are anxious to find integrated management options. 
W e describe alternative silvicultural systems currently being tested, including single-tree and group selection. A l l the 
treatments have the goal o f periodically extracting viable timber volumes whi le perpetually retaining stand characteris-
tics necessary for caribou. The effects o f these logging prescriptions on l ichen biomass and growth rates are being tested. 
Alternative silvicultural systems may become part o f a larger strategy to maintain caribou habitat i n managed forests. 
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Introduction 
W h y do w e n e e d to cons ider al ternative s i l v i c u l t u -
ral systems to integrate m o u n t a i n c a r i b o u (Rangifer 
tarandas caribou) a n d t i m b e r management? W h a t is 
w r o n g w i t h the status quo? A b r i e f r e v i e w o f 
m o u n t a i n c a r i b o u habitat requ i rements i n B r i t i s h 
C o l u m b i a w i l l he lp e x p l a i n w h y the cur ren t a p p l i -
c a t i o n o f the c lea rcu t t ing s i l v i cu l tu ra l system is th re -
a ten ing m o u n t a i n c a r i b o u habitat, a n d w h y al terna-
tives are necessary. 
M o u n t a i n c a r i b o u o c c u r at l o w densities and 
range o v e r large areas o f east-central and southeas-
tern B r i t i s h C o l u m b i a . T h r o u g h o u t the w i n t e r c a r i -
b o u use o l d forests a n d a v o i d i m m a t u r e stands 
( S i m p s o n et al, 1985; Se ip , 1992) . I n early w i n t e r , 
as s n o w is a c c u m u l a t i n g to depths o f 3 metres o r 
m o r e i n the uppe r E n g e l m a n n spruce-subalp ine f ir 
z o n e ( E S S F ) , c a r i b o u use the l o w e r parts o f the 
E S S F a n d the i n t e r i o r c e d a r - h e m l o c k ( I C H ) zone , 
w h e r e the s n o w is no t as deep. M o s t stands used b y 
c a r i b o u i n early w i n t e r are c o m m e r c i a l l y va luable . 
Shrubs supp lemen t h c h e n forage u n t i l s n o w b u r i a l 
makes t h e m unavai lable . A s s n o w densities increase 
to levels that w i l l suppor t c a r i bou , the animals 
m o v e up i n e l eva t ion a n d feed almost exc lus ive ly 
o n arboreal l i chens for the rest o f the w i n t e r . I n the 
late w i n t e r there is less conf l i c t w i t h forest manage -
m e n t since m o r e o f the stands used b y c a r i b o u at 
that t i m e are n o n - m e r c h a n t a b l e . 
Severa l types o f s i l v i cu l tu ra l systems, o r cycles o f 
activit ies b y w h i c h a stand is harvested, regenerated, 
and t ended o v e r t ime , are used i n B r i t i s h C o l u m b i a . 
N e a r l y a l l E S S F a n d I C H forests are cu r ren t ly 
m a n a g e d w i t h o n l y the c lea rcu t t ing s i l v i cu l tu ra l sys-
t em. L o g g i n g w i t h that system removes the ent ire 
arboreal l i c h e n f o o d source, w h i c h is p r o b l e m a t i c 
because l ichens are s l o w to disperse a n d s l o w to 
g r o w , even w h e n a suitable substrate a n d m i c r o c l i -
mate exist. T o attain a biomass useful to c a r i b o u , 
l ichens take m u c h l o n g e r than the 100 to 120 year 
ro t a t i on l eng th n o r m a l l y used w i t h the c lea rcu t t ing 
system. E n t i r e drainages c o u l d be v i r t ua l l y d e v o i d 
o f useful l i c h e n bea r ing habitat after a n u m b e r o f 
l o g g i n g passes and w i t h n o r m a l ro t a t i on lengths. 
A l t h o u g h space is t h o u g h t to be the single mos t 
i m p o r t a n t habitat var iable affecting c a r i b o u 
(Berge rud , 1980; B e r g e r u d et al, 1984) , that space 
mus t c o n t a i n suitable habitat p r o v i d i n g the a t t r ibu -
tes specif ical ly necessary i n each season. I n w i n t e r , 
that means h a v i n g forests w i t h available arboreal 
l i c h e n forage. W h i l e c a r i b o u w i l l t ravel across 
recent clearcuts, an area d e v o i d o f arboreal l i c h e n 
f o o d resources is no t suitable w i n t e r habitat . 
F r a g m e n t a t i o n o f suitab' le habitat (space) b y t i m b e r 
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harves t ing m a y lead to h i g h e r levels o f p r e d a t i o n b y 
i n t r o d u c i n g cond i t i ons that favour predators a n d b y 
c o n c e n t r a t i n g c a r i b o u in to smaller areas. 
T h e mos t p r o m i s i n g stand l e v e l o p t i o n that pe r -
mits harves t ing w h i l e po ten t i a l ly m a i n t a i n i n g c a r i -
b o u habitat is the se lec t ion s i l v i cu l tu ra l system. T h e 
ob jec t ive i n us ing that system for c a r i b o u manage -
m e n t is to re ta in , i n perpe tu i ty , a managed stand i n 
a c o n d i t i o n suitable for c o n t i n u e d c a r i b o u use. 
I n this paper w e r e v i e w several ma jor research 
ini t ia t ives that are e x p l o r i n g those al ternative s i l v i -
cu l tu ra l systems a n d w e describe h o w they m i g h t fit 
i n t o a m a n a g e m e n t strategy for c a r i b o u . A l t h o u g h 
research o n al ternative s i lv i cu l tu ra l systems i n c a r i -
b o u habitat is o n g o i n g i n b o t h the E S S F and I C H 
zones, w e restrict o u r discuss ion to the E S S F zone . 
Selection Silvicultural Systems 
S e l e c t i o n systems des igned to m a i n t a i n m o u n t a i n 
c a r i b o u habitat are b e i n g f i e ld tested i n var ious s tu -
d y areas i n B r i t i s h C o l u m b i a (Table 1). B o t h the 
single- t ree and the g r o u p se lec t ion systems are 
b e i n g tested to exp lo re the wides t range o f op t ions 
for forest managers (F ig . 1). T h e single-tree se lec t i -
o n system i n v o l v e s the r e m o v a l o f i n d i v i d u a l trees 
f r o m the stand, a n d offers the flexibility o f l e a v i n g 
trees w i t h h i g h l i c h e n loads. T h e g roup se lec t ion 
system invo lves the r e m o v a l o f groups o f trees, a l l o -
w i n g m o r e efficient l o g g i n g a n d l e a v i n g m u c h o f 
the stand u n t o u c h e d u n t i l the nex t c u t t i n g cyc le . 
E a c h system has its advantages (Table 2). 
T h e se lec t ion systems b e i n g tested are i n t e n d e d 
to address the c a r i b o u habitat c o n c e r n . F o r e x a m -
ple , the t i m b e r v o l u m e r e m o v e d is typ ica l ly l igh t so 
a s ignif icant p r o p o r t i o n o f trees r e m a i n for c a r i b o u 
a n d to ensure that the stand remains w i n d f i r m . 
Presc r ip t ions are des igned so that l i c h e n - b e a r i n g 
trees are left i n the stand. 
T h e d i s t r i bu t i on o f arboreal l i c h e n biomass w i t -
h i n a stand is h i g h l y var iable . F o r example , surveys 
done o n the trials i n the H o r s e f l y Forest D i s t r i c t 
(Table 1) revealed that w i t h i n species, larger trees 
(>30 c m d b h = d iamete r at breast he igh t i .e . 1.3 m) 
have s igni f icant ly (OC=0.05) m o r e arboreal l i c h e n 
than smaller trees (10-30 c m dbh) . T h u s , harves t ing 
just the largest trees is c lear ly no t the best strategy 
for m a i n t a i n i n g c a r i b o u habitat, and o u r p re sc r ip t i -
ons emphas ize m a i n t a i n i n g the tree size p ro f i l e w h i -
le harves t ing t imber . 
S t and ing dead trees are c o m m o n i n these h i g h 
e l eva t ion forests a n d often compr i s e 2 0 % o r m o r e o f 
the stems. O u r surveys ind ica te that dead trees 
accoun t for 12 to 3 5 % o f stand l i c h e n biomass . I n 
n o r m a l l o g g i n g operat ions all dead trees mus t be f e l -
l e d c o n c u r r e n t l y w i t h harves t ing to pro tec t w o r k e r 
safety. O n some o f o u r trials w e ob t a ined a var iance 
f r o m the W o r k e r s ' C o m p e n s a t i o n B o a r d o f B r i t i s h 
C o l u m b i a ( W C B ) to re ta in safe dead trees b y u s i n g 
fe l lerbunchers a n d grapple skidders, w h i c h enclose 
and pro tec t the operators. 
A var ie ty o f post-harvest s i lv i cu l tu ra l treatments 
are b e i n g tested to ensure that future trees w i l l 
F ig . 1. Examples o f silvicultural systems suited to maintaining the stand characteristics required by caribou 
(Stevenson et al, 1994). 
Single Tree Selection Group Selection 
• 
Diameter classes • 
i 120 
80 
225 75 150 225 75 225 150 
Tree ages (years) 
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replace those r e m o v e d t h r o u g h harves t ing and those 
lost to natural mor t a l i t y . B o t h natural and ar t i f ic ia l 
r egenera t ion us ing var ious p l a n t i n g stocks, tree spe-
cies, a n d site p repara t ion op t ions are b e i n g tested. 
Methods of Testing Alternative 
Silvicultural Systems for Caribou 
It is i m p o r t a n t to quant i fy the i m p a c t o f t i m b e r 
ex t r ac t ion o n l i c h e n abundance . F o r the studies 
r epo r t ed here, the p h o t o reference m a n u a l o f 
A r m l e d e r et al, (1992) is used to estimate the a b u n -
dance o f arboreal l i c h e n before and after l o g g i n g . 
G r o w t h rates o f arboreal l i chens are also b e i n g m e a -
sured, since g r o w t h c o u l d be affected b y changes to 
the stand m i c r o c l i m a t e caused b y t i m b e r harves t ing. 
T o measure g r o w t h , l i c h e n samples are p laced i n 
enclosures that a l l o w ambien t levels o f temperature , 
h u m i d i t y , a n d l i gh t w h i l e p r e v e n t i n g c o n t a m i n a t i o n 
o f the samples b y w i n d - b o r n e debris o r losses 
t h r o u g h f ragmenta t ion . A t in te rva l s , the samples 
are b r o u g h t i n t o a l a b o r a t o r y a n d w e i g h e d i n a 
h u m i d i t y - c o n t r o l l e d e n v i r o n m e n t ( W a l k e r , 1996 ; 
S t e v e n s o n , 1993) . 
D i r e c t use o f the par t ia l ly cu t stands b y c a r i b o u 
is di f f icul t to quantify, because these animals l i v e at 
l o w densities i n r emo te areas. O n some s tudy areas, 
r a d i o - c o l l a r e d c a r i b o u are available to p r o v i d e some 
habitat use data, a l t h o u g h p r o b a b l y no t e n o u g h to 
a l l o w quant i ta t ive assessments o f t reatment effects. 
S n o w measurements are b e i n g taken o n some o f the 
trials to assess the h y d r o l o g i c a l i m p a c t o f the t i m b e r 
harves t ing prescr ip t ions , a n d to ga in insights o n the 
possible i m p a c t o f t i m b e r harves t ing o n the energy 
costs o f l o c o m o t i o n for c a r i bou t h r o u g h these h a b i -
tats. Perhaps the mos t p r o m i s i n g assessments o f 
w h e t h e r l o g g e d stands are st i l l suitable c a r i b o u h a b i -
tat w i l l deve lop f r o m t ra i l ing o f c a r i b o u i n m a n a g e d 
a n d u n m a n a g e d stands, as i n the studies descr ibed 
b y T e r r y et al, (1994). 
Results 
A l t h o u g h studies o f se lec t ion harves t ing i n c a r i b o u 
habitat are st i l l i n progress, some useful insights have 
already b e e n ga ined . T h e major factors c o n t r i b u t i n g 
to loss o f l i chens due to harves t ing are the r e m o v a l 
o f merchantab le trees, the r e m o v a l o f snags, a n d loss 
o f l i chens f r o m residual trees. I n the g roup se lec t ion 
b l o c k at R e s e a r c h C r e e k ( C P 1 1 3 ) , the p r o p o r t i o n 
o f l i chens lost o n fe l led trees was equal to the 3 0 % 
o f the area that was harvested. A t G e o r g e C r e e k 
( C P 3 2 ) , the p r o p o r t i o n o f l i chens o n fe l led trees 
(55%) was r o u g h l y equal to the 5 2 % o f the t i m b e r 
v o l u m e that was harvested. I n b o t h o f those study 
areas, safe snags w e r e re ta ined d u r i n g harvest. A t 
L u c i l l e M o u n t a i n , 4 3 % o f the l ichens o r i g i n a l l y p r e -
sent was o n l i v i n g trees that w e r e harvested, a n d an 
add i t i ona l 2 7 % was o n snags that w e r e fe l led d u r i n g 
harves t ing. T h a t loss o f l ichens greatly exceeded the 
average o f 4 5 % o f the t i m b e r v o l u m e harvested i n 
the t reatment units s tudied. 
S o m e l i chens are also lost f r o m the trees that 
r e m a i n after se lec t ion harvest ing, e i ther f r o m 
damage d u r i n g l o g g i n g o r f r o m increased exposure 
after l o g g i n g . T h o s e losses are greater i n single tree 
se lec t ion cuts than i n g r o u p se lec t ion cuts, and are 
greater o n exposed sites than o n sheltered sites. 
Table 2. Comparison o f advantages o f single tree and group selection systems for mountain caribou habitat (Stevenson 
et al, 1994). 
P o t e n t i a l Advantages o f S ing le T r e e S e l e c t i o n P o t e n t i a l Advantages o f G r o u p S e l e c t i o n 
- m o r e f l ex ib i l i t y i n se lect ing trees to harvest, 
therefore h i g h l i c h e n - b e a r i n g trees can be 
re ta ined. 
- m o r e flexibility i n d e v e l o p i n g m u l t i - l a y e r e d 
stand structure o n a m i c r o l e v e l rather than 
p r o d u c i n g series o f even-aged c lumps as w i t h 
g r o u p se lec t ion 
i m p a c t o f l o g g i n g h o m o g e n e o u s l y d i s t r ibu ted 
t h r o u g h o u t the stand 
dispersed regenera t ion less l i k e l y to deter c a r i -
b o u use than even-aged c lumps o f regenera t i -
o n 
ent ire stand is s t ructural ly suitable for c a r i b o u 
use at any one t i m e 
- less damage to res idual stems a n d less associa-
ted loss o f l ichens 
snag r e t en t ion a poss ib i l i ty w i t h use o f fe l le r -
b u n c h e r 
l o g g i n g costs l o w e r than single tree se lec t ion 
- m o r e op t ions for pos t -harves t ing s i lv i cu l tu re 
available 
in f luence o f res idual stand o n regenera t ion can 
be v a r i e d t h r o u g h o p e n i n g size se lec t ion 
leaves m u c h o f the stand w i t h n o dis turbance 
since l o g g i n g o n l y occurs i n openings 
typ ica l ly smaller percent o f c u t b l o c k i n s k i d 
trails 
risk o f w i n d t h r o w m a y be l o w e r 
bet ter s n o w i n t e r c e p t i o n areas w i t h i n stand 
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R e s i d u a l trees assessed the s u m m e r after l o g g i n g 
suppor t ed 2 6 % less l i c h e n than before l o g g i n g at 
G e o r g e C r e e k ( C P 32) , 8% less at L u c i l l e 
M o u n t a i n , and about the same a m o u n t as before 
l o g g i n g at R e s e a r c h C r e e k . L i c h e n abundance at 
G e o r g e C r e e k has no t b e e n reassessed since 1990, 
bu t appears to be m u c h l o w e r than before harves-
t i ng . 
P r e h m i n a r y results o f g r o w t h rate studies suggest 
that w h e r e se lec t ion harves t ing results i n dr ier , 
m o r e exposed cond i t i ons , the t w o p r i n c i p a l genera 
o f forage l i chens r e spond differently. O v e r t i m e 
those differences c o u l d result i n a shift f r o m Alectoria 
sarmentosa to Bryoria spp. o n some sites. I n v i e w o f 
the observat ions o f R o m i n g e r & R o b b i n s (1994) 
that c a r i b o u prefer Bryoria spp. to Alectoria sarmento-
sa, such a shift m i g h t be benef ic ia l . T h e i m p a c t o f 
se lec t ion harves t ing o n ove ra l l l i c h e n abundance 
o v e r t i m e is n o t yet clear. 
C a r i b o u o r signs o f c a r i b o u use have b e e n 
observed i n mos t o f the se lec t ion b locks since ha r -
ves t ing was c o m p l e t e d . D u r i n g t r a i l ing studies, 
T e r r y & M c L e l l a n (1991) n o t e d l i m i t e d use o f the 
G e o r g e C r e e k ( C P 32) b l o c k . T h e c a r i b o u appeared 
to concent ra te the i r fo rag ing activit ies a l o n g the 
edges o f the b l o c k w h e r e l i c h e n was available o n 
w i n d t h r o w n trees. 
A t one single tree se lec t ion b l o c k (George 
C r e e k C P 32) heavy b l o w d o w n has o c c u r r e d , l e a -
v i n g a stand that is unacceptable i n terms o f b o t h 
c a r i b o u habitat a n d t i m b e r m a n a g e m e n t object ives. 
V e r y l i t t le b l o w d o w n has o c c u r r e d at L u c i l l e 
M o u n t a i n o r at the g r o u p se lec t ion b l o c k s i n the 
H o r s e f l y Forest D i s t r i c t . B l o w d o w n at the o the r 
G e o r g e C r e e k b l o c k ( C P 37) a n d at P i n k e r t o n 
M o u n t a i n has no t b e e n assessed, a l t h o u g h some has 
b e e n n o t e d a l o n g l a n d i n g edges a n d roadsides. 
Discussion 
W e anticipate that, w i t h i n the n e x t 5 to 10 years, 
s igni f icant ly m o r e i n f o r m a t i o n w i l l be available o n 
the sho r t - t e rm i m p a c t o f se lec t ion harves t ing o n the 
abundance a n d g r o w t h rates o f the t w o p r i n c i p a l 
genera o f forage l i chens for m o u n t a i n c a r i b o u . 
T h e r e w i l l also be m o r e i n f o r m a t i o n o n var ious 
forestry-related measures, s u c h as l o g g i n g costs, 
w ind f i rmness , a n d sho r t - t e rm regenera t ion success, 
and further unders tand ing o f the use o f se lec t ion 
b l o c k s b y c a r i b o u is l i k e l y . H o w e v e r , a t h o r o u g h 
s tudy o f use b y c a r i b o u w o u l d requi re a m u c h larger 
area m a n a g e d u n d e r se lec t ion systems, a n d an i n t e n -
sive m o n i t o r i n g p r o g r a m . 
S o m e k e y quest ions cannot be answered i n the 
near future. T h e l o n g - t e r m changes i n stand s t ruc-
ture that f o l l o w se lec t ion harves t ing are l i k e l y to 
affect the abundance a n d species c o m p o s i t i o n o f 
arboreal l i chens , use b y c a r i b o u , and t i m b e r values. 
L o n g - t e r m m o n i t o r i n g is needed to assess the effec-
tiveness o f the var ious possible se lec t ion p re sc r ip t i -
ons i n m a i n t a i n i n g b o t h c a r i b o u and t i m b e r values. 
S h o r t - t e r m results have i n d i c a t e d that h i g h 
r e m o v a l o f t i m b e r v o l u m e , especial ly o n exposed 
sites, can result i n b l o w d o w n and i n heavy losses o f 
l ichens f r o m the r e m a i n i n g trees. F o r those reasons, 
n o m o r e than 3 0 % r e m o v a l o f t i m b e r v o l u m e 
( i n c l u d i n g that r e m o v e d f r o m s k i d trails) is r e c o m -
m e n d e d i n b locks managed as c a r i b o u habitat 
(Stevenson et ah, 1994) . 
Se l ec t i on s i lv i cu l tu ra l systems are m o r e cost ly to 
p l a n a n d i m p l e m e n t than is the c lea rcu t t ing s i l v i c u l -
tura l system, especial ly w h i l e i n i t i a l exper ience is 
b e i n g ga ined . H o w e v e r , increased use o f al ternative 
s i l v i cu l tu ra l systems i n some forest types is necessary 
to mee t the c h a n g i n g demands o f the p u b l i c for 
in tegra ted resource management , a n d is r e q u i r e d b y 
the p r o p o s e d Forest Pract ices C o d e for B r i t i s h 
C o l u m b i a ( B . C . M i n i s t r y o f Forests, 1993) . 
O n g o i n g research o n se lec t ion s i l v i cu l tu ra l sys-
tems i n c a r i b o u habitat p r i m a r i l y addresses manage -
m e n t at the stand l e v e l . H o w e v e r , i m p l i c a t i o n s for 
managemen t at the landscape l e v e l mus t also be 
cons idered . T h e effectiveness o f se lec t ion s i l v i c u l t u -
ral systems i n m a i n t a i n i n g c a r i b o u habitat is u n c e r -
ta in a n d w i l l c o n t i n u e to be unce r t a in for some t ime 
i n the future. F u r t h e r m o r e , the impacts o f forestry 
activit ies o n p r e d a t o r / p r e y relat ionships a n d the 
effects o f increased access o n c a r i b o u are i n c o m p l e -
tely unde r s tood . W e be l i eve that those uncertaint ies 
can best be addressed t h r o u g h z o n i n g o f the lands-
cape. 
S o m e core c a r i b o u ranges s h o u l d be set aside as 
no-harves t , no-access zones, to f u n c t i o n as refugia 
i n the event that in tegra ted managemen t strategies 
are unsuccessful i n m e e t i n g the needs o f c a r i b o u . I n 
some areas, that n e e d can be m e t la rgely i n h i g h -
e leva t ion areas w h e r e t i m b e r values are re la t ive ly 
l o w , a l t h o u g h some l o w - e l e v a t i o n ranges a n d 
m o v e m e n t cor r idors w i l l also be r equ i r ed . W h e r e 
c a r i b o u use l o w elevat ions m o r e ex tens ive ly , larger 
no-harves t zones at l o w elevations w i l l be needed . 
O t h e r parts o f c a r i b o u range s h o u l d be des igna-
t ed as special m a n a g e m e n t zones, i n w h i c h e x p e r i -
m e n t a t i o n w i t h se lec t ion s i lv i cu l tu ra l systems can 
c o n t i n u e . I n some cases, c lea rcu t t ing m a y be used 
w i t h i n the special managemen t zone , w h e r e se lec t i -
o n harves t ing is no t feasible o r w h e r e l i c h e n b i o -
mass is n o t great e n o u g h that par t ia l c u t t i n g is w a r -
ranted. H o w e v e r , c l ea rcu t t ing mus t no t c o m p r o m i -
se ove ra l l l andscape- leve l habitat object ives i n the 
special managemen t zone . Access m a n a g e m e n t to 
pro tec t c a r i b o u is i m p o r t a n t i n the special manage -
m e n t zone . 
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M a r g i n a l c a r i b o u ranges m a y be m a n a g e d acco r -
d i n g to o r d i n a r y po l ic ies o f in tegra ted managemen t . 
H o w e v e r , studies b y Seip (1990, 1992) suggest that 
to m i n i m i z e the r isk o f increas ing p r e d a t i o n o n c a r i -
b o u , managers s h o u l d a v o i d e n h a n c i n g habitat for 
m o o s e i n areas adjacent to c a r i b o u habitat . 
T h e effectiveness o f al ternative s i l v i cu l tu ra l sys-
tems i n m a i n t a i n i n g c a r i b o u habitat is i n c o m p l e t e l y 
unde r s tood . H o w e v e r , those systems have the 
po ten t i a l o f b e c o m i n g part o f an ove ra l l strategy for 
successfully m a n a g i n g m o u n t a i n c a r i b o u i n B r i t i s h 
C o l u m b i a . 
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